This study provides the first investigation on the occurrence of human pharmaceuticals in the tropical aquatic environment of Malaysia. Water samples were collected at seven different sites along the Langat River and effluents from five sewage treatment plants (STPs) in Langat River Basin. Samples were extracted by solid phase extraction (SPE) and analyzed using liquid chromatography coupled with a tandem mass spectrometry (LC-MS/MS) for 18 pharmaceuticals from six therapeutic classes and one metabolite. Fifteen out of these 19 pharmaceuticals were detected in the river water samples. Mefenamic acid, salicylic acid and glibenclamide were detected in all river water samples indicating their ubiquitous nature and resistance to degradation under the warm and humid tropical conditions. The median concentrations of detected pharmaceuticals ranged from less than the method detection limit (5MDL) for furosemide, loratadine, salbutamol, perindopril, metoprolol and nifedipine to 112.7 ng L À1 for diclofenac. A similar number of pharmaceuticals were detected in the STPs' effluents samples. Several of these pharmaceuticals, namely salbutamol, atenolol, metoprolol, mefenamic acid, salicylic acid and furosemide were detected in all the STPs' effluents samples. The median concentrations for the detected pollutants ranged between 5MDL for lovastatin and amlodipine to 1994 ng L À1 for metformin. The highest concentration detected in the river water samples was for acetaminophen (346.3 ng L À1 ) and in STPs effluents was for metformin (34228 ng L
Introduction
High-quality surface water is critical for maintaining healthy ecosystems and ensuring safe drinking water. The emission of common water pollutants such as pesticides, polychlorinated biphenyls (PCBs), poly aromatic hydrocarbons (PAHs), and metals such as lead, cadmium, mercury and arsenic, to name a few, has been substantially reduced through the adoption of appropriate legal measures and the elimination of many of the dominant pollution sources. Recently, the attention of the scientific community has started to shift to a new group of pollutants which are known as 'emerging pollutants', those that are not included in the legislation such as pharmaceuticals [1] .
The major source of human pharmaceuticals to the environment has been shown to be raw and treated sewage effluents from of housing areas and hospitals, following consumption and excretion of pharmaceuticals by humans, which are discharged into the rivers [2, 3] . Production residues, improper disposal of expired and unused medication via the toilet, landfills leachates and accidental spills during manufacturing and distribution also contribute to this pollution [4, 5] .
A large number of pharmaceuticals are polar and predominantly water soluble in nature and are neither volatile nor biodegradable, thus escaping sedimentation and biological treatment in STPs. Given the greater water solubility of these pharmaceutical pollutants in general compared to the other conventional pollutants, ultimately the major environmental distribution compartment is probably the aquatic environment [6] . Pharmaceuticals residues from different therapeutic classes have been detected in aquatic environment such as surface water [7, 8] , sewage influent and effluent [9] , ground water [10] and even sea water [11] . In the current absence of regulatory requirements for monitoring of pharmaceuticals in drinking water, human pharmaceuticals have occasionally been detected in drinking water [2, 12] .
Pharmaceuticals are of environmental concern owing to their specific biological effects not only to the target patients, but also on the general aquatic biota. Very often, owing to their low biodegradability, they accumulate to detectable levels and in biologically active amounts [13] . They can also act as persistent pollutants because of their continuous release to the environment through STPs discharges [14] . As opposed to other hydrophilic or water-soluble pollutants currently under investigation, pharmaceuticals can act as potential endocrine disrupters [15] and may cause changes of physiological functions in biological systems [16, 17] . Furthermore, the impact of pharmaceuticals in the environment on human health is of concern especially in areas that practise indirect water reuse and where sewage effluent is released to streams and rivers, that are in turn used as a source of raw water for the production of potable supplies for communities living downstream.
The occurrence and fate of pharmaceutical residues in the environment has become a subject of public interest and cause for concern among scientists worldwide. Widespread occurrence of different classes of human pharmaceutical pollutants have been documented in the mostly developed temperate countries such as North America [18, 19] , Europe [20] [21] [22] and Japan [23, 24] and monitoring programs have begun in several countries. There is however a dearth of knowledge as to the levels of these pharmaceuticals under tropical conditions particularly the hot wet climate of South East Asia [25, 26] .
In Malaysia, in spite of the high consumption of pharmaceuticals for chronic diseases (33% of population with hypertension and 8% with diabetes mellitus) [27] , the problem of pharmaceuticals pollution has not received enough attention. To date, there is no available data on the occurrence of these pollutants in Malaysian tropical aquatic environment. The absence of data means it is difficult properly to evaluate public exposure to these pollutants. On the other hand, this lack of data could be attributed to the ignorance of the problem as these pharmaceuticals are not regulated as environmental pollutants. In addition, they are also not listed as pollutants in the WHO guideline for drinking water quality [28] . In response to the growing evidence in the literature of the ubiquitous nature of this emerging issue, our study was conducted to fill the gap in knowledge on environmental occurrence of human pharmaceuticals in the Malaysian tropical aquatic environment and provide the basic data needed for risk assessment. This study investigates the occurrence of the top prescribed and over the counter (OTC) pharmaceuticals in Malaysia (Table 1) in STPs effluents and water samples of Langat River and its main tributaries.
Experimental

Sampling sites
Langat River is one of the four major river systems in the state of Selangor, Peninsular Malaysia ( Figure 1 ). The river is about 200 kilometers long with a catchment area of 2350 square kilometers and annual flow rate of 35 m 3 /s. The river has two main tributaries, namely, Sg. Semenyih and Sg. Labu. The river climate is characterized by high average and uniform annual temperatures, high rainfall, and high humidity.
There are eight drinking water treatment plants (DWTPs) within the River Basin, producing about 1159 million liters per day of potable water supply. Half of the potable water supply is channeled to the Klang Valley, mainly to Kuala Lumpur and the districts of Klang and Petaling [29] . The Langat Basin is divided into nine catchments (Sg. Langat, Sg. Pangsun, Salak Tinggi, Sg. Lolo, Sg. Serai, Cheras Batu 11, Sg. Semenyih, BKT Tampoi and Down Stream) each with one water intake point of DWTP except for the Dawn Stream catchment.
The sewage discharged into the Langat River consists of effluents from public and private STPs, effluents from individual septic tanks, primitive system and raw sewage from squatter areas. According to Sewerage Services Department, in 2007 the number of STPs in the basin was around 520. All the STPs in the basin provide only primary treatmentsindividual septic tanks, communal septic tanks, and imhoff tanks or secondary treatments -oxidation ponds and mechanical plants [30] .
River water samples were collected from seven catchments along the Langat River ( Grab river water samples were collected 1-2 km upstream from the water intake point of each DWTP in every catchment so that the samples were representative of the individual catchments in showing the level of pharmaceutical pollution of raw water used as a source for drinking water. The only exception is the samples collected from Down Stream catchment where the samples collected were from the middle of the catchment. Descriptions of sampling stations -GPS reading and total number of STPs in each catchment are presented in Table 2 . Grab samples of STPs effluents were collected from five STPs in the Langat Basin ( Figure 1 ) and their descriptions -(location, code and population equivalent) given in Table 3 . All the STPs selected for this study use the same treatment type, the extended aeration (EA). This enables comparison of detected compounds without introducing the treatment factor, which can complicate comparisons. Both river water and STPs effluents were collected during five sampling campaigns in the dry season -May, 2009 ensuring that there was no rain at least three days prior to samples collection. Samples were collected using a stainless bucket in 1 L amber glass bottles, which had previously been washed with tap water and detergent, then rinsed with distilled water, methanol, acetone and hexane and finally dried in the oven at 60 C for two hours. During sampling and immediately prior to collecting a sample, each bottle was rinsed with sample material three times for equilibrium. After sampling, each sample bottle was labeled and kept in icebox at 4 C, and then transported to the laboratory for further treatments and analysis. 
Selection of pharmaceuticals
The compounds studied were selected from the top 40 pharmaceuticals by utilization for prescription medicines in Malaysia which was obtained from the National Medicines Use Survey [27] that was deliberately limited to prescription medicines excluding the OTC pharmaceuticals. To find out about the top consumed OTC medicines, a survey was conducted in April 2007 in the study area. Owing to budget constraint, the final list comprised only 17 prescribed pharmaceuticals and two OTC pharmaceuticals namely acetaminophen and salicylic acid (a metabolite of aspirin). Salicylic acid was selected over aspirin because aspirin is not stable under analysis condition due to de-acetylation to salicylic acid, the major metabolite of acetylsalicylic acid, as reported by other research groups [31, 32] . Pharmaceutical analytes considered in the present list belong to different therapeutic categories and chemical classes and can be divided into six groups -the antihypertensives, anti-diabetics, lipid lowering agents, bronchodilators, antihistamines and analgesics. Detailed information of the individual target analyte, including the chemical abstract service (CAS) number, therapeutic class, Log P and the excretion rate (%) as unchanged parent compound is summarized in Table 1 . To the best of the current authors' knowledge, five pharmaceuticals (amlodipine, chlorpheniramine, chlorothiazide, perindopril and gliclazide) are being investigated in the environment matrices for the first time.
Sample preparation, extraction and instrumental analysis
In the laboratory, 1 L aliquots of samples were preserved by adjusting the pH to 2 with 37% HCl and addition of 50 mg of ascorbic acid to quench any residual oxidantschlorine, ozone, chloramine, and 1 g of sodium azide to prevent microbial degradation. If samples were not treated further on the same day of sampling, they were stored in a cool room at 2 C until the time of further treatment not later than 2 days of sampling. All samples were prepared and analyzed as reported elsewhere [33] . Briefly, prior to sample extraction, samples were removed from storage to equilibrate to ambient temperature. Each aliquot of river water (150 mL) and STPs effluents (100 mL) was spiked with 200 mL (50 mg L À1 ) of Internal Standards (IS) mixture (Glibenclamide-d 11 , Atenolol-d 7 , Diclofenac-d 4 , Amlodipine-d 4 , Simvastatin-d 6 , Chlorpheniramine-d 6 and Hydroxybenzoic acid-d 6 ) to correct for recovery and matrix effects. Samples were then filtered through Whatman GF/F filter papers (England, UK) and extracted using SPE through Oasis Õ MCX cartridges (3 cm 3 /60 mg) (Waters, USA). SPE eluents were evaporated to dryness under a gentle stream of N 2 gas and dry extracts were eventually reconstituted with 200 mL of 25% MeOH.
Instrumental analysis was carried out using Waters Alliance HPLC System (2695 Separations Module) from Waters (MA, USA) connected with electrospray ionization (ESI) source to Micromass Quattro Ultima Pt tandem QQQ mass spectrometer (MS/MS) system from Waters (MA, USA). Identification of analytes was done by comparing the retention times (t R ) of each analyte to the corresponding reference standards and detection of both first and second MRM transitions. Analytes were quantified by means of internal standardization with utilizing of seven ISs. A five-point calibration curve (0.1-500 ng mL À1 ) was generated for each analyte by injecting pooled solutions prepared from the standard mixtures. Calibration curves were built by calculating the ratios between the peak area of each analyte and the peak area of the relative IS using weighted 1/x 2 least square model. Recovery was evaluated by spiking four replicates of each matrix with 200 mL of analytes standards mixture (100 mg L À1 ) containing IS mixture (50 mg L À1 ). Additional sample of each matrix was processed as a reference sample whereby the same concentration of spiked standard mixture was added to the sample extract after extraction. Recovery ranged from 18% to 108% in river water and from 25% to 119% in STP effluents. Precision of recovery test was evaluated as percentage of coefficient of variation (CV%) of the replicate measurements. CV% ranged from 3% to 48% in river water and from 1% to 30% in STP effluents. Data of analytical method validation has been reported elsewhere [33] .
Quality control
A procedure blank of 150 mL of ultrapure water was included for each batch of samples and treated exactly as the real sample with addition of IS mixture. The procedure blank was used to ensure that targeted pollutants were not introduced to the samples during the sample preparation and extraction. An instrumental blank, containing only the same solvent used to prepare the calibration standards, was analyzed before each batch of samples and after every five runs to ensure that there was no carry over during the instrumental analysis.
Results and discussion
Pharmaceuticals in river water samples
None of the targeted pharmaceuticals was detected in all river water samples collected from Sg. Pangsun (the Langat Dam). As this sampling point was located upstream, away from any sources of sewage pollution, their absence here confirmed that the main source of these pollutants is sewage effluents. The rest of the samples collected from other sampling locations along Langat River contained 15 out of 19 targeted pharmaceuticals. The four pharmaceuticals not detected were chlorpheniramine, lovastatin, simvastatin and amlodipine. The frequencies of detection for each pharmaceutical in thirty river water samples are shown in Figure 2 . Mefenamic acid, glibenclamide and salicylic acid were present at all the sampling sites, suggesting their widespread use and high degree of persistency in the environment. On the other hand, nifedipine and loratadine were lowest in frequency of detection and were found only in two samples. The median concentration of each detected pharmaceutical in each catchment is summarized in Table 4 . To the best of the current authors' knowledge, gliclazide, chlorothiazide and perindopril detected in this study are reported for the first time in river water samples.
The box plots summarizing the median and the values between the 25th and 75th percentile of each detected pharmaceutical are presented in Figure 3 . The median concentrations ranged from less than method detection limit (5MDL) for furosemide, loratadine, salbutamol, perindopril, metoprolol and nifedipine to 111.7 ng L À1 for diclofenac. The concentrations of detected pharmaceuticals varied greatly among analytes and samples. This is most likely because the study sites vary in population sizes and thus, the input of both raw and treated sewage. The concentrations found for each analyte would also depend on its fate in surface waters which is affected by two major factors, degradation (biodegradation, photodegradation, and chemical degradation) and distribution (partition in different compartments, such as sorption or volatilization) [34] . The concentrations of pharmaceuticals found in the environment also depend on the type and rate of the excretion process. Some pharmaceuticals such as statins are extensively metabolized after oral ingestion to their metabolites and therefore are usually found at very low frequencies in the environment [35, 36] . Other pharmaceuticals such as glibenclamide, metoprolol and diclofenac have low excretion rate as parent compound (0%, 3% and 15%, respectively) yet can still be found at high concentrations and frequencies in the aquatic environment. This may be attributed to the cleavage of the excreted conjugated to the parent compounds under treatments or environmental conditions [37, 38] . Therefore, all the top 20 pharmaceuticals most consumed in Malaysia were included in this study regardless of the excretion rate
Anti-diabetics
The anti-diabetics under study, namely glibenclamide, metformin and gliclazide were present in 100, 83.3 and 53.3% of the samples, respectively, with their respective maximum concentrations of 3.2, 189.6, and 19.7 ng L À1 . The high frequency of these anti-diabetics in the samples tested is not surprising as 8% of the population in Malaysia is on anti-diabetic medications [39] . Although 0% of glibenclamide excreted as unchanged parent compound, it was found in every sample, which may explained by the fact that low excretion proportion may represent higher recalcitrant in the environment [40] . On the other hand, the low concentrations detected for glibenclamide, although being the top prescribed medicine, can be partly attributed to two factors; its high hydrophobicity making it less soluble in water and its high excretion rate as changed parent compound (0% excreted as unchanged). Glibenclamide was hardly investigated in surface water, in Germany it was not detected in the 11 rivers and streams studied except in samples collected downstream of surface water receiving effluents from pharmaceutical companies at high concentration (0.13 mg L À1 ) [41] . Therefore, more investigations are necessary to explain the ubiquitous nature of glibenclamide in Langat River waters. Metformin is the second top prescribed medicine in Malaysia. It is characterized as being extremely polar (Log P ¼ À0.5) and 90% of the parent compound is excreted unchanged from the human body which may explain the high concentration found compared to other anti-diabetics. Not much is known regarding the removal efficiency during sewage treatment or environmental stability of metformin. Therefore, the dominant presence of metformin in the river samples is not immediately known. Metformin is not widely studied in the aquatic environment. It was found at comparable concentration (150 ng L À1 ) in few of the surface water samples (4.8% frequency) in USA streams [42] . Gliclazide was detected in 53% of Langat River samples, which is most likely due to its high consumption in Malaysia and to its high excretion rate unchanged (60-70%). To our knowledge, this is the first report of gliclazide in the environment.
Antihypertensive
Since the hypertension is the most prevalent chronic disorder in Malaysia (33% of population) [40] , six antihypertensive pharmaceuticals -atenolol and metoprolol (-bloker), nifedipine (calcium canal blocker), furosemide and chlorothiazide (diuretic) and perindopril (ACE inhibitors) were detected in a wide range of frequencies. While chlorothiazide and atenolol were found at high respective frequency (80 and 73.3%), furosemide, metoprolol, perindopril and nifedipine were found in 33. ) in sample collected from River Taff in the UK [43] . The -blockers, atenolol and metoprolol, are the most widely investigated antihypertensive worldwide and belong to the group of pharmaceuticals that are persistent and ubiquitous in the aquatic environment [35] . Although -blockers are not highly persistent, they are known to be pseudopersistent as a result of their constant presence in the aquatic environment, which is likely a consequence of their high volume of usage [48] and their poor metabolism in human body as they are mainly excreted as the parent compounds. Due to this characteristic, atenolol is being proposed as chemical markers of faecal water contamination [45] . The presence of -blockers in river samples is a threat to aquatic life, as ecotoxicity studies showed that while atenolol seemed to be non-toxic, metoprolol was classified as toxic to aquatic organisms [49] .
Furosemide was found at the highest concentration (239.4 ng L À1 ) among antihypertensive drugs which is comparable with the maximum concentration found in the Po and Lambro Rivers in Italy (254.70 ng L
À1
) [47] . The presence of furosemide has been commonly reported in the UK rivers but at levels usually not exceeding 100 ng L À1 . It was observed that its concentrations in surface water was reduced with distance from the wastewater discharge point which suggest its biodegradability [35] . The high concentrations quantified for furosemide is of concern as it is known to be an active endocrine disruptor. Its risk as endocrine disrupter has been attributed to its high photodegradability in environmental conditions that can lead to the formation of a stable and more harmful photoproduct whose endocrine interference is unknown [50] .
Nifedipine, although excreted unchanged at a high rate (60-80%), has low frequency of detection (6.7%) and the lowest concentration among antihypertensive (max 12.7 ng L À1 ). This can be explained by the fact that nifedipine is easily degraded and is light sensitive so it does not show high persistency in the environment. Nifedipine is also seldom reported in environment and was absent in 11 rivers and streams samples collected from Germany [41] which is consistent with our results that showed the scarce occurrence of nifedipine in Lanagt River water. This is the first time perindopril is reported in environmental matrices. It was found at lower frequency (28%) and concentration (max 12.3 ng L À1 ). Chlorothiazide, on the other hand, found at high frequency (80%) with (1 to 20 ng L À1 ) concentration range except for the (Down Stream) catchment where the concentration reach up to 130 ng L À1 which indicates the persistency of chlorothiazide in the aquatic environment. Chlorothiazide characterized by being very polar (Log P ¼ À0.5) and excreted at high rate as unchanged parent compound (60-70%) and this may explain its ubiquitous nature in river samples.
Lipid lowering agents
Although being used in high quantities, the statin lipid lowering agents -lovastatin and simvastatin were not detected in any of the river samples. This result is consistent with depleting level of simvastatin in all samples collected from River Taff in the UK and River Warta in Poland [43] and other investigations of statin [35, 36, 46] . The absence of statin in all samples could be attributed to several reasons-their high hydrophobicity (Log P ¼ 4.68 and 4.26), the fast hydrolysis of lactone ring in statin to the corresponding -hydroxy acid form after oral ingestion and low stability of lactone ring in aqueous media.
Antihistamines
Loratadine was found in only two samples with 9.1 ng L À1 maximum concentration. This low detection frequency was unexpected for loratadine as it is the top prescribed antihistamine and also sold as OTC pharmaceutical to treat common cold. Furthermore, 40% of loratadine is excreted unchanged from human body. The low detection suggests that loratadine is not persistent in the aquatic environment. However, more study must be done to confirm this conclusion as there are very limited data regarding the behaviour of loratadine in the environment. It is less frequently studied in aquatic environment and is only reported at concentrations up to 20 ng L À1 in the Ebro River in Spain [51] . Chlorpheniramine was absent in all Langat River samples which most likely is attributable to its extensive metabolism in human body. Chlorpheniramine contamination does not appear important in the Malaysian aquatic environment even though it is the top 8 prescribed pharmaceutical. This could also be attributed to its high hydrophobicity (Log P ¼ 3.38) that possibly led to less partitioning in the aqueous phase. However, more study is needed to understand the fate of chlorpherniramine in aquatic environment. To the best of the current authors' knowledge, this is also the first investigation of chlorpheniramine in the environment matrices.
Bronchodilator
The maximum concentration quantified for salbutamol was 4.5 ng L À1 . Despite this low concentration, salbutamol was found to be present in 40% of the collected samples. This considerable frequency of detection may attributed to the fact that about 60 to 70% of salbutamol administered by inhalation or intravenous injection is excreted in the urine unchanged. Observations of low concentration of salbutamol in surface water were also reported elsewhere [35, 47] . However, salbutamol was not detected in any of the samples collected from River Taff, the UK and River Warta, Poland [43] . Salbutamol is used illegally as an anabolic agent in animal and is excreted at higher doses than in the bronchodilator in human. This may explain the frequent detection of salbutamol in Langat River samples as the Langat River receives the effluents form at least 152 animal farms in the basin [29] .
Analgesics
Mefenamic acid, diclofenac, acetaminophen and salicylic acid were detected at varied frequencies. Mefenamic acid and salicylic acid were found to be ubiquitous in Langat River and its tributaries followed by acetaminophen and diclofenac, which were found in 83.3% and 66.7% of samples, respectively. Acetaminophen was detected at the highest concentration (350.3 ng L À1 ) which most likely is due to its widespread use as OTC painkiller not only in Malaysia but worldwide as it is relatively inexpensive and effective [48] . Comparable concentration of acetaminophen was also reported (250 ng L À1 ) in Spain [51] and even exceeded 1 mg L À1 in the UK [35] . However in south Korea, much lower concentration of acetaminophen was detected (max 77 ng L À1 ) [52] . Although 2-3% of acetaminophen is excreted as the unchanged parent compound and mainly as conjugates, it was suggested that this conjugate could be broken down during wastewater treatment resulting in the release of the parent compound [35] , which dissolve well in aqueous media (Log P ¼ 0.4). This may explain why acetaminophen is characterised by the highest concentration and high frequency. However, the removal rate of acetaminophen during sewage treatment was found to be high (100% in tertiary STP), suggesting its biodegradable nature and hence its importance as an indicator of raw sewage in river [45, 53, 54] . All the STPs in Langat Basin are of primary and secondary types, which may not be able to remove acetaminophen at high rate as compared to tertiary treatment. Diclofenac was also detected at high concentration (280.9 ng L À1 ) which may be attributed to its wide usage as a prescribed painkiller and OTC medicine and to its low biodegradability [45] . However, diclofenac is known to undergo rapid direct photodegradation under natural sunlight [55] . The high concentration detected in the present study suggests that diclofenac is being continuously released to the Langat River. The uubiquitous nature of diclofenac was also reported but at much lower level (maximum 50 ng L À1 ) in River Ouse in the UK [56] and in South Korea (max 6.8 ng L À1 ) [52] . Mefenamic acid was detected in 100% of the Langat River samples at concentrations up to 82.7 ng L À1 . This could be attributed to its high consumption as prescribed and OTC medicine. However, mefenamic acid has been shown to be easily degraded in secondary sewage treatment [57] . This suggests that Langat River is receiving raw or partially treated sewage. In fact, based on our visual inspection, the Langat River is receiving raw sewage from the squatter areas in the basin. However mefenamic acid has also been reported to show anomalous behaviour during sewage treatment (i.e., an increase in concentration) partly owing to the deconjugation of conjugated mefenamic acid [58] . In addition, having a pKa of 4.2 as charged mefenamic acid, the compound is thought to be rather easily dissolved in water although it has high hydrophobicity [24] . High frequency and high concentration level (2.2 mg L À1 ) of mefenamic acid were also encountered in another investigation [59] . Concentration up to 326 ng L À1 was reported in a recent study in Mankyung River, South Korea [44] . Mefenamic acid was also reported to be abundant in the survey of Japanese rivers with concentrations ranging from 50.1 to 65.1 ng L À1 which were significantly correlated with population density. Thus mefenamic acid was considered as a molecular marker of municipal wastewater [24] . However, lower concentrations of mefenamic acid were reported in Spain (maximum of 3 ng L À1 ) [51] and in River Tyne in the UK (maximum of 20 ng L À1 ) [53] . Salicylic acid was detected in 100% of Langat River samples with 131.2 ng L À1 maximum concentration. This result is consistent with reported data of dominant behaviour of salicylic acid in Catalonian rivers ranging from 95 to 388 ng L À1 [60] and at 62 ng L À1 maximum concentration in the UK rivers [61] . Even though salicylic acid could be formed naturally [62] , it was not found in samples collected from Langat dam. Therefore, high frequency of detection in this study is most likely due to high load of sewage input to Langat River. Salicylic acid does not only originate as a metabolite of aspirin, it is a key ingredient in many skin-care products and used as food preservative.
It can be concluded that raw river water in the Langat River, except at Pangsun catchment, which are being used as source for all DWTP is polluted with human pharmaceuticals. The DWTPs in Langat River are conventional plants and supply potable water to a large part of Selangor and to the increasing demand from the Multimedia Super Corridor development area [29] . The results show potential risk for these pollutants to reach drinking water if not totally removed during the drinking water treatment.
Occurrence of pharmaceutical pollutants in STPs effluents
For all STPs effluents samples, 16 analytes were detected and 3 analytes had concentrations less than MDL -chlorpheniramine, simvastatin and nifedipine. The frequency of detection of each pharmaceutical is given in Figure 2 . Six pharmaceuticals were ubiquitous and found in all samples -atenolol, metoprolol, furosemide, mefenamic acid, salicylic acid and salbutamol. Metformin, chlorothiazide, perindopril, gliclazide and glibenclamide were also found at high frequencies. To the best of the current author's knowledge, metformin, chlorothiazide, perindopril, gliclazide, glibenclamide and amlodipine are investigated and reported for the first time in STPs effluents.
The box plots summarizing the median concentration and the values between the 25th and 75th percentile of each pharmaceutical detected in the STPs effluents are presented in Figure 4 . The concentrations of pharmaceuticals detected vary greatly among STPs samples and analytes and for most of analytes were higher by several order of magnitude than their concentrations in Langat River samples which is most likely a result of the large dilution effect in river water. Therefore, it can be inferred that the presence of these pollutants in Langat River results from the continuous input from hundreds of STPs in the basin. The median concentrations of detected pollutants ranged between less than MDL for lovastatin and amlodipine to 1994 ng L À1 for metformin. The highest concentration detected was for metformin (34228 ng L À1 ), followed by chlorothiazide (8889 ng L À1 ). The median concentrations of detected pharmaceutical pollutants in each STP are presented in Table 5 .
Anti-diabetics
All anti-diabetic pharmaceuticals -metformin, glibenclamide and gliclazide were abundant in STP samples having respectively 88, 80 and 80% frequency of detection and 34228, 
and 162.3 ng L
À1 maximum concentrations. Frequent detection and high concentrations found suggest wide spread usage of anti-diabetic pharmaceuticals in Malaysia and their poor removal during sewage treatment. This finding is in agreement with reported data that 8% of the population in Malaysia is on anti-diabetic medication [39] . Among all targeted pharmaceuticals, metformin was found at the highest concentration in both river water and STPs effluents samples. Although glibenclamide is the top anti-diabetic pharmaceutical utilized in Malaysia in quantities higher than metformin, the higher concentration detected for the latter could be attributed to its high excretion rate as unchanged parent compound (90%) and to its high polarity compared to other targeted anti-diabetics (Table 1) . Therefore, it can survive during sewage treatment and seems to be persistent in the aquatic environment. These anti-diabetics are, for the first time, reported in the sewage effluents and to-date no data was reported in the literature regarding their occurrence or removal rate during sewage treatments. More investigations must be conducted to understand their removal during sewage treatment as it was found that they were released at high concentrations to the aquatic environment.
Antihypertensives
Antihypertensive pharmaceuticals -atenolol and metoprolol, amlodipine, furosemide and chlorothiazide and perindopril were detected at varied frequencies. The exception being nifedipine was less than MDL in all samples. The antihypertensive pharmaceuticalsatenolol and metoprolol were found to be ubiquitous in all samples at concentration up to 1491 and 1612 ng L À1 , respectively. High frequency of detection and concentration were expected for atenolol and metoprolol as they are among the top five prescribed (2nd and 4th, respectively) pharmaceuticals in Malaysia. The occurrence of atenolol and metoprolol in STPs and their removal efficiency during sewage treatments have been widely investigated in different parts of the world. Atenolol, for instance, was found at a similar level in Spain -1150 ng L À1 [51] and at 966 ng L À1 in Italy [63] . However, atenolol was quantified up to 3060 ng L À1 in STPs effluents in USA [46] . On the other hand, metoprolol concentration is comparable to those reported in Finland-max 1070 ng L À1 [64] . However, lower concentration -max 199 ng L À1 was reported for effluents of four secondary STPs in Taiwan [65] .
Furosemide, chlorothiazide and perindopril were abundant in effluent samples having, respectively 100, 92 and 80% frequency of detection at varied maximum concentrations of 1340, 8889 and 77.1 ng L À1 , respectively. The concentrations found for these pharmaceuticals in effluents samples were one order of magnitude higher than their concentration in Langat River samples. It can be then concluded that these pollutant did not undergo complete removal by STPs and seemed to be continuously released to the river by STPs effluents. Amlodipine was found in 36% of the samples collected from STPs effluents in this study at 16.9 ng L À1 maximum concentration. These low detection frequency and concentration found for amlodipine, compared to other pharmaceuticals, could explain its absence in the Langat river samples. On the other hand, the concentration found for furosemide in our study is higher than that quoted in reported data of effluent samples collected from six secondary STPs in Italy-max 644 ng L À1 [63] . Nifedipine was not detected in any effluent sample, suggesting its high removal rate during sewage treatment and its low persistency in the aquatic environment. This could explain the low detection frequency of nifedipine in Lanagt River samples. This result is comparable to reported data for nifedipine in Germany, where it was found at 89 ng L À1 in only one of all effluent samples collected from 14 municipal STPs [41] . As there was no reported data about chlorothiazide, perindoril and amlodipine, our study is essentially the first report of their occurrence in STPs effluents.
Lipid lowering agents
Lovastatin was detected in 44% of the effluents samples with 974.2 ng L À1 maximum concentration. On the other hand, simvastatin was not detected in any of the effluents samples. Although lovastatin quantified at high concentration in the effluents, both statins were not detected in Langat River samples, indicating their low stability in the aquatic environment. Lovastatin and simvastatin were rarely investigated in STP effluents, it was reported only in Canadian STP effluents at 14 and 1 ng L À1 , respectively [36] .
Antihistamines
Loratadine was found in 72% of the effluent samples with 58.5 ng L À1 maximum concentration. This result suggests its widespread use and persistency during sewage treatment. High frequency of detection was expected for loratadine as it is the top prescribed antihistamine and also sold as an OTC pharmaceutical to treat the common cold. Loratadine was hardly investigated in STPs effluents and reported data is not consistent with our finding as loratadine was not found in any effluent samples collected from six STPs in Spain [66] . On the other hand chlorpheniramine was absent in all collected effluent samples. This can be explained by the fact that chlorpheniramine is extensively metabolized in human body. Chlorpheniramine was not reported in STP effluents elsewhere and no data was available about its occurrence in the raw sewage. Therefore, no conclusion could be drawn about its removal by STPs or its environmental behaviour.
Bronchodilator
Although found in all effluents samples, the maximum concentration quantified for salbutamol was low -27.7 ng L À1 . Ubiquitous presence of salbutamol in effluents samples could be attributed to its wide use among Malaysian both as systemic and inhalation bronchodilator and to the fact that 60-70% of salbutamol is excreted as unchanged parent compound. Salbutamol is very seldom investigated in the environment; available data shows that it is found at lower concentration in the effluents of six secondary STPs in Italy -max 8 ng L À1 with poor removal rate (512%) [34] .
Analgesics
Mefenamic acid and salicylic acid (the main metabolite of aspirin) were found in 100% of effluents samples at 595.2 and 475.2 ng L À1 maximum concentrations, respectively. On the other hand, diclofenac and acetaminophen have respectively 64% and 40% frequency of detection and 65.8 and 2211 ng L À1 maximum concentrations. High frequency of detection for analgesics was expected as they have the highest frequency of consumption worldwide.
Concentration found in this study is in agreement with the reported data of salicylic acid (2.54 to 9.71 mg L À1 ) in the early investigation of the STPs effluents in Kansas City [67] . In 2001, high concentrations of salicylic acid in influents and effluents of STPs and river waters were also reported in Catalonia [68] . However, recent studies showed that efficient removal exceeded 98% can be achieved for salicylic acid during sewage treatment [69] [70] [71] [72] . In recent study, lower concentration of salicylic acid (209 ng L À1 ) was reported in the effluents of STPs in the UK [35] . It should be noted that, in the initial studies, most of the plants were on primary treatments only, which were not able to efficiently remove salicylic acid. This indicates that the STPs investigated in this study are treating sewage partially and continuously release pharmaceuticals to receiving water. This may also explain the ubiquitous presence of salicylic acid in Langat River samples.
Diclofenac has been intensively investigated in STPs worldwide, it was found at comparable concentration (max 40 ng L À1 ) in STPs effluents in South Korea [52] . In contrast, median concentration up to 500 ng L À1 for diclofenac was observed in 10 secondary STPs in the topical environment of Brazil [26] and in Spain at 504 ng L À1 [71] and at 900 ng L À1 [59] , which was some tenfold higher than the concentration detected in our study.
Acetaminophen is the less dominant analgesic in effluent samples as it was found in samples of two STPs only. This could be due to the fact that acetaminophen has high removal efficiency during sewage treatment and is easily biodegradable [53] . However, high concentration found in these two STPs may suggest the low efficiency of these plants to treat the sewage. Acetaminophen concentration found in our study (maximum 2211 ng L À1 ) was the highest among the analgesics under study. Similar concentration was reported in STPs effluents in Spain -2100 ng L À1 [51] . However, the concentration found here was lower than those reported in Italy -4300 ng L À1 [59] . In contrast, lower concentration was reported in effluents samples in South Korea -9.5 ng L À1 [52] .
Conclusion
Here we report for the first time the occurrence of 19 human pharmaceuticals in the tropical aquatic environment of Malaysia. Except for the samples collected from the Langat River dam at Pangsun catchment, all the other river water samples collected from the other catchments in the Langat Basin were found to be contaminated with pharmaceutical pollutants. Three pharmaceuticals that were found to be present in 100% of the samples were mefenamic acid, glibenclamide and salicylic acid; and the highest concentration was for acetaminophen (346.3 ng L À1 ). Their presence in the river water upstream of water intake points suggests high risk for contamination of drinking water because the DWTPs in Langat Basin are not designed for removing such pollutants. STPs effluents are likely to be the main source of these pollutants as five pharmaceuticals were (atenolol, metoprolol, mefenamic acid, salbutamol and furosemide) found in 100% of the samples. The highest concentration detected was for metformin at 34228 ng L
À1
. This is also the first time that amlodipine is detected in STP effluent samples. Chlorphernamine and simvastatin were not found in any sample of river or STPs effluents despite their widespread use in Malaysia. The concentrations found in this study are generally comparable with those reported elsewhere. High concentrations of these pollutants found in Malaysian aquatic environment may pose threats to the health and eventually economy and the environment.
